Objective: The fluid recommendation for adults aged 70þ years has been criticised on the basis of a low prevalence of dehydration in community-dwelling older adults. This study explores whether the low prevalence might reflect limitations of individual dehydration indices. Design: Cross-sectional data on plasma sodium, blood urea nitrogen (BUN), creatinine, glucose and potassium were used to classify 1737 participants of the 1992 Established Populations for Epidemiologic Studies of the Elderly (EPESE) (70þ years) according to multiple dehydration indices. Associations between dehydration indices, health and functional status were evaluated. Results: Depending on the indicator used, the prevalence of dehydration ranged from 0.5% for hypotonic hypovolaemia only (plasma tonicity , 285 mOsm l 21 with orthostatic hypotension) to 60% with dehydration defined as either plasma sodium $ 145 mEq l
General consensus that ageing-related changes in physiology, behaviour, health and functional status predispose all older adults to dehydration 1 -7 has motivated dietary guidelines for older adults that emphasise fluid intake. Unlike the Food Guide Pyramid for younger adults 8 , the Modified Pyramid for 70þ Adults includes a visual representation of glasses of water at its base. The guidelines recommend that older adults consume 8 glasses (2 quarts or litres) of fluid per day 9 . Despite consensus that older adults are at increased risk of dehydration, the fluid recommendation sparked debate because available data suggest that only institutionalised elders actually become dehydrated. While studies pertaining to samples of hospitalised patients or long-term care residents report prevalences as high as 80% (e.g. references 7, 10 and 11), the few studies of community-dwelling older adults indicate prevalences of only 0-10% 12 -14 . Lindeman et al. 13 argue that if only the frail and infirm are at risk of dehydration, then the fluid recommendation may be inappropriately high, unnecessarily aggravating problems of incontinence and/or risk of water overload. Although the prevalence of dehydration in communitydwelling older adults should inform fluid recommendations, currently available prevalence estimates may not be useful for this purpose. The currently available estimates focus on specific forms of dehydration 12 -14 and do not reflect overall hydration status. As no single measure captures all possible forms of dehydration 15, 16 , no single measure completely discriminates between dehydrated and non-dehydrated persons.
Using multiple indices of dehydration from the Established Populations for Epidemiologic Studies of the Elderly (EPESE), in the present paper we estimate the prevalence of several forms of dehydration, and report a range of possible estimates for an overall prevalence of dehydration. Given the non-specific nature of the .
Blood collection and laboratory methods
Trained phlebotomists drew blood at the convenience of each subject. The majority of subjects completed the blood draw within 4 months of the interview (92%), after 09.00 hours (99%) or after 10.00 hours (90%). The blood was collected in tubes containing ethylenediaminetetraacetic acid as well as non-anticoagulated Vacutainer tubes, placed on ice for travel to the laboratory, and immediately processed at the Duke OB/GYN Endocrinology Laboratory (Durham, NC, USA). Plasma was frozen and stored at 2 708C. As reported previously 18 , plasma interleukin (IL)-6 was measured by enzyme-linked immunosorbent assay. Serum was separated and sent refrigerated by air courier to Nichols Laboratory (San Diego, CA, USA) where determinations of glucose, potassium and sodium were completed within 24 h.
Dehydration indices
Given the variety of possible types of dehydration 15, 16 , we defined dehydration in terms of several commonly used clinical indicators: plasma blood urea nitrogen (BUN)/ creatinine ratio, sodium, orthostatic blood pressure, and tonicity (effective plasma osmolarity). Each indicator may reflect a particular facet of hydration status. In the absence of renal dysfunction, the plasma BUN/creatinine ratio indexes hydration status relative to protein metabolism. Plasma sodium indexes hydration status relative to salt load. Plasma tonicity reflects cellular hydration status, the relative distribution of body water between the intra-and extracellular compartments. Plasma tonicity was estimated following Matz 19 ) consistent with the literature 6,7,10 -13,19 , distinguishing between mild (295 -300 mOsm l 21 ) and overt hypertonicity (300 mOsm l 21 or higher). Hypotonic hypovolaemic dehydration was defined as plasma tonicity less than 285 mOsm l 21 with changes in diastolic blood pressure from sitting to standing of 10 mmHg or more. We evaluated each criterion alone, and then the criteria combined. Subjects with normal plasma BUN/creatinine, tonicity and sodium values were considered non-dehydrated.
Covariates
The continuous plasma BUN, creatinine, sodium, glucose, potassium and albumin variables were categorised using standard normal range cut-offs. Given the non-fasting nature of the blood samples, plasma glucose was evaluated relative to the American Diabetes Association 20 cut-off for abnormally elevated blood glucose following a 2-hour oral glucose tolerance test. Body mass index (BMI) (kg m 22 ) was calculated from measured height and weight for all but 263 subjects, and used to classify subjects as underweight (BMI ,18.5 kg m . Plasma IL-6 ($5 pg ml
21
) was an available indicator of chronic inflammation for 1708 subjects. All but 21 subjects reported whether a doctor had ever told them they had cancer, heart disease, stroke, diabetes and/or hypertension. Multiple co-morbidity was defined as reporting two or more chronic conditions. Information about polypharmacy (use of two or more prescription medications) was available for all but three subjects. The RosowBreslau index of functional ability 22 was available for all but 54 subjects.
Statistical analyses
All analyses were conducted using Intercooled Stata 6.0 23 . Weighted estimates of the prevalence of dehydration and non-dehydration were determined. Age-, sex-and racespecific weighted prevalence estimates were predicted from multinomial logistic regression models with fluid status as outcome and age, sex and race as independent variables. Dehydration classifications based on tonicity, BUN/creatinine and plasma sodium were compared, and the agreement between 'dehydrated/not dehydrated' evaluated using the kappa statistic.
Given prevalences of hypovolaemia and hypernatraemia below 5%, the following analyses focused on tonicity and BUN/creatinine status only. To evaluate whether the indices might reflect disorders other than underhydration, the fluid status groups were described in terms of plasma glucose, potassium, creatinine, BUN, albumin and haematocrit. To evaluate whether the indices covaried with disease status, the relative odds of reporting multiple chronic co-morbidities, cancer, heart disease, stroke, diabetes, hypertension, elevated plasma IL-6, poly-pharmacy, underweight, overweight or obese status and functional impairment were estimated for each group. Between-group differences were evaluated using multinomial logistic regression or logistic regression models with each categorical blood variable or health outcome as dependent variable and fluid status as main exposure. Hypertonic subjects were compared with normotonic subjects. Individuals with an elevated BUN/creatinine ratio were compared with subjects with a normal BUN/creatinine value. Given that each reference group might include dehydrated subjects, the fluid status groups were also compared with subjects classified as non-dehydrated according to both indices. All models adjusted for survey design effects, age, sex and race. The 95% confidence intervals (CI) and tests for statistical significance were based on robust standard errors. Between-group differences with a probability below 0.05 were considered statistically significant.
Multivariable models evaluating BUN/creatinine controlled for plasma creatinine a marker of renal function. When renal function is normal, a high plasma BUN suggests insufficient body water for excretion of nitrogenous waste. When renal function is abnormal, both BUN and creatinine values may be elevated. Although the ratio measure takes renal status into account for each individual, it does not hold constant the level of renal function across individuals. Since renal function may be associated with the sociodemographic and other health status variables examined in this analysis, we controlled for plasma creatinine in the multivariable models to facilitate interpretation of observed BUN/creatinine effects.
Results
Descriptive statistics are shown in Tables 1 and 2 . The sample was predominantly female, between the ages of 70 and 84 years, and roughly equally distributed between blacks and whites. Hypertension, some degree of functional limitation and overweight status affected over half of the sample. Chronic disease co-morbidity was reported by 42% of subjects. The mean blood chemistry values were within the normal ranges for all measures except plasma glucose, which appeared elevated, and haematocrit, which appeared depressed.
The prevalence of elevated plasma BUN/creatinine, plasma tonicity and plasma sodium appeared to increase with age. Females and whites had significantly lower mean creatinine levels and higher mean BUN/creatinine ratios than males and blacks, respectively. Blacks had significantly higher plasma sodium, glucose and tonicity values than whites.
Unweighted prevalence estimates for the various dehydration classifications are shown in Table 2 . Adjusting for sampling design, the weighted estimates for prevalences of hypotonic hypovolaemia, hypernatraemia, elevated BUN/creatinine, mildly and overtly elevated plasma tonicity were 0.6, 3.5, 12.2, 36.5 and 19.4%, respectively. Overall, 61.6% of the subjects were dehydrated by one or more criteria, while 30.2% were classified as normal by all criteria. The remaining 8.3% had hypotonic or hyponatraemic plasma without orthostatic hypotension. Unweighted data, presented as mean (standard deviation). Significance of differences for comparisons with the corresponding reference category (male sex, black race or age 70-84 years): *, P , 0.10, **, P , 0.05.
We observed little overlap between the indices (see Table 3 ). Only 3% of the sample had hypertonic plasma and an elevated BUN/creatinine ratio. Half the sample had a normal BUN/creatinine, but an elevated plasma tonicity. The kappa statistic, evaluating agreement between the tonicity-and BUN/creatinine-based classifications (dehydrated/not dehydrated), was 0.01 (95% CI: 2 0.01, 0.04, P ¼ 0.15). Many subjects with an elevated plasma tonicity were not classified as hypernatraemic (kappa ¼ 0.06, 95% CI: 0.04, 0.07, P , 0.001). Given the low prevalence of hypotonic hypovolaemia and hypernatraemia in this sample, and that all hypernatraemic subjects were hypertonic, the remaining analysis focused on tonicity and BUN/creatinine status only.
To get a sense of whether the BUN/creatinine-and tonicity-based estimates might reflect disorders other than . The apparent positive trend between plasma potassium and tonicity was not statistically significant. Consistent with plasma tonicity as an index of haemoconcentration and underhydration, significant linear trends were observed between tonicity, haematocrit and creatinine.
Having an elevated BUN/creatinine ratio was associated with above-normal potassium and BUN values. The relatively low mean creatinine, albumin and haematocrit values for this group did not indicate haemoconcentration.
Subjects who were classified as normal by one measure, but dehydrated by another, differed significantly from those classified as non-dehydrated by both indices. Normotonic subjects with an elevated BUN/creatinine ratio were significantly less likely to have elevated plasma glucose, creatinine, albumin and haematocrit values, and more likely to have an elevated BUN than the group with both normal tonicity and BUN/creatinine values. Subjects with a normal BUN/creatinine ratio but elevated plasma tonicity were more likely to have elevated glucose and albumin levels.
The subjects classified as dehydrated by both indices were more likely to have abnormal plasma glucose, creatinine, BUN and haematocrit values than normotonic subjects with an elevated BUN/creatinine, and more likely to have abnormal potassium, BUN and haematocrit values than subjects with a normal BUN/creatinine but an elevated plasma tonicity. Figure 1 illustrates the prevalence of each fluid status type by age, sex and race, weighted for survey design, as well as adjusted for age, sex and race. Age and female sex were positively associated with elevated BUN/creatinine status. Blacks were more likely to be hypertonic, and less likely to have an elevated BUN/creatinine than whites.
Elevated plasma tonicity and BUN/creatinine status were disproportionately distributed among subjects with chronic disease and functional impairment (see Table 5 ). Compared with normotonic subjects, the overtly hypertonic subjects were significantly more likely to report co-morbidity, diabetes, hypertension, obesity and functional impairment. Subjects with a plasma tonicity greater than 300 mOsm l 21 were twice as likely to be obese, and three times as likely to be diabetic. Mildly elevated plasma tonicity was associated with 70 and 80% increases in the risk of diabetes and obesity. A slight trend towards increased risk of stroke with increasing plasma tonicity All values are weighted prevalence estimates, expressed as %. Between-group differences were evaluated using logistic or multinomial logistic regression models with the blood variables as outcome, and dummy variables representing fluid status as independent variables. The models adjusted for sampling design and produced robust standard errors. Significance of differences for comparisons: (1) with the normal tonicity group, **P , ; normal tonicity -tonicity $285 to ,295 mOsm l
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; mild tonicity -tonicity $295 to ,300 mOsm l
; high tonicity -tonicity $300 mOsm l
. *P-value , 0.05 for comparison with corresponding value among males, blacks, or the youngest age group BP -blood pressure; IL -interleukin; Rx -prescription; Fx -functional. All values are odds ratio (95% confidence interval). Odds ratios were estimated using logistic or multinomial logistic regression models with the health status variable as outcome and dummy variables representing fluid status as independent variables. All models were adjusted for age, race, sex and sampling design. Models involving BUN/creatinine also controlled for plasma creatinine. Tests for statistical significance and 95% confidence intervals were based on robust standard errors. Significance of differences for comparisons: (1) with the normal tonicity group, **P , was not statistically significant. Significant U-shaped associations were observed between plasma tonicity and poly-pharmacy and functional impairment. Elevated plasma IL-6 was negatively associated with plasma tonicity. Relative to normal BUN/creatinine, elevated BUN/creatinine was associated with a 50% increase in the risk of hypertension and obesity, and a two-fold increase in the risk of underweight. Elevated BUN/creatinine status appeared to modify the magnitude of the association between elevated plasma tonicity and health. Significantly stronger associations were observed for hypertonic subjects with an elevated BUN/creatinine ratio.
Discussion
A range of estimates for the prevalence of dehydration was observed for this large representative sample of community-dwelling adults aged 70 years and over. Consistent with the estimates from previous community-based studies, we report prevalences of hypotonic hypovolaemia and hypernatraemia of less than 5% 12 -14 , as well as a prevalence of elevated BUN/creatinine ratio of approximately 10% 12, 13 . The data also suggest, however, that the prevalence of dehydration could range as high as 60%, if other forms of dehydration are included in the estimate. The highest prevalence was observed when dehydration was defined as hypotonicity with orthostatic hypotension, serum sodium, elevated BUN/creatinine ratio, or elevated plasma tonicity. Only 30% of the sample could be considered non-dehydrated when all criteria were evaluated simultaneously.
The indices and cut-offs employed in this study, commonly used in the literature, although may only reflect particular facets of dehydration. Plasma sodium and BUN/creatinine ratio the index hydration status relative to solute load. Plasma tonicity indexes cellular hydration status and vasopressin response 19, 24 . Dehydration may be defined in terms of a wide variety of indices, inadequate body water for the maintenance of optimal biochemical, cellular, physiological function or health -under normal conditions or those which raise fluid requirements (e.g. illness, pregnancy, altitude and heat) 25 . Given the variety of possible criteria for defining adequate hydration, the lack of overlap or agreement between measures in this study is not surprising. No single measure has yet been identified that can fully discriminate between dehydrated and nondehydrated persons. These and previous results highlight the need for a set of indicators 15, 26 . Prevalence estimates derived from plasma sodium, BUN/creatinine or tonicity alone may not tell us the whole story about dehydration.
The available measures may reflect different gradations of dehydration severity. Indicators involving blood pressure, extracellular blood volume or functional performance may be relatively insensitive to mild dehydration. Compensatory mechanisms can allow vital physiological systems and physical performance to be maintained despite loss of body water. Worsening dehydration is known to be associated with increasingly severe outcomes 27 . While agreement across several indicators might maximise confidence in the classification of individuals as dehydrated, the relative insensitivity of some indicators to mild dehydration could result in mildly dehydrated individuals being misclassified as non-dehydrated. In the present study, subjects classified as dehydrated according to multiple criteria appeared worse off in terms of health status than other subjects. The use of multiple indicators may allow detection of mild as well as severe dehydration.
O'Neill et al. 28 argue that every study of water depletion should evaluate plasma tonicity. Others argue that plasma sodium is not a substitute measure for plasma tonicity 26 . Fluid and electrolyte textbooks and several other authors also recommend plasma hypertonicity as an indicator of underhydration 19, 29 . Despite these recommendations, previous community-based studies did not evaluate plasma tonicity 13 . Inferences about the overall hydration status and fluid recommendations for older adults were drawn from results specific to hypernatraemic dehydration. O'Neill et al. 28 may be correct that hypernatraemic dehydration is only a thin end of a large wedge.
Estimating the overall prevalence of dehydration is complicated by several factors. Aside from the variety of possible indicators, available indicators are not specific for dehydration. Indices may reflect fluid disorders or pathologies other than dehydration, as well as side-effects of drugs, such as hypertension medication. The low haematocrit, creatinine and albumin values and lack of orthostatic hypotension observed among subjects with an elevated BUN/creatinine ratio suggest renal dysfunction or congestive heart failure. Abnormal water metabolism related to sarcopenia or autonomic neuropathy might also have influenced the BUN/creatinine ratio. Although traditionally advocated for hydration assessment, validation data are lacking for this and other commonly used measures 15 . Validation data are needed to confirm a high prevalence of hypertonicity. The validity of hypertonicity indicators depends on the ability of plasma solute to permeate cell membranes, which varies with hormone status 30 . Equations that include permeable solute or exclude impermeable solute may over-or underestimate tonicity, respectively. Although values of plasma tonicity above 300 mOsm l 21 are recognised as indicative of cellular dehydration 19, 24, 29, 31 , data on the sensitivity and specificity of available equations and cut-offs are lacking. Evidence of haemoconcentration suggests that hypertonicity reflects significant underhydration in this group. If estimated plasma tonicities above 295 mOsm l 21 accurately reflect dehydration, then dehydration may affect a majority of older adults. The large prevalence of elevated plasma tonicity may reflect transiently elevated postprandial glucose levels or a high prevalence of glucose intolerance among older adults. Plasma hypertonicity was associated with elevated plasma glucose and diabetes risk in this study. Although plasma tonicity was estimated from non-fasting blood values, the prevalence of elevated plasma glucose in this sample is consistent with the high prevalence of glucose intolerance in representative samples of older adults in the USA, Europe and Asia 32 -35 . Elevated plasma tonicity was positively associated with chronic disease co-morbidity, diabetes, hypertension, obesity, functional impairment, older age, female sex and black race. Elevated BUN/creatinine status was positively associated with hypertension, abnormal weight status, older age, female sex and white race. These associations imply that the observed prevalence of dehydration could reflect the prevalence and distribution of chronic disease and disability, and/or the sociodemographic profile of this sample. Older age and female sex are associated with the frail phenotype 36 . Black race is associated with increased risk of diabetes, obesity and related chronic diseases.
Age-related declines in organ function and appetite, illness and disability and increased fluid requirements predispose older adults to dehydration 1,4 -7 . If the elevated plasma tonicity and/or BUN/creatinine observed in this study is attributable to ageing, illness and/or disability, then, as suggested by Lindeman et al.
13
, dehydration might only be a problem for the oldest, most frail and infirm elders. Given the cross-sectional nature of the present results, however, it is possible that the elevated plasma tonicity or BUN/creatinine pre-dated the development of disease. Research to identify the temporal sequence of the observed effects is needed to inform fluid recommendations for community-dwelling older adults.
The true prevalence of dehydration for this sample could be anywhere from 1% to 60%, depending on the definition of dehydration, measurement errors, and the underlying distribution of illness and functional impairment. This wide range suggests that while the prevalence of dehydration for community-dwelling older adults could really be low, it may also be quite high, with markedly different implications for fluid intake recommendations. Validation studies of the available dehydration indices -particularly estimated plasma tonicity -and longitudinal studies to characterise the magnitude and direction of associations between hypertonicity and health and functional status are needed before we can pinpoint a generalisable prevalence of dehydration for community-dwelling older adults. It may be premature to draw conclusions about fluid recommendations from available prevalence estimates.
